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INTERAGTION OF DIALDEHYDES AND POLYALDEHYDES ON COLLAGEN
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from indirect evidence have concluded that, in’ the tannages with dialdehydes,
generally only -one ‘aldehyde ‘group reacted, leaving: the other aldehyde group
free. Seligsberger and Sadlier (5), however, found ' that no dialdehyde-tanned
leather reacted positively to Schiff’s reagent. Mardashev and Plekhan (7) treated
rabbit muscle with glyoxal, and foundthe: formation of ‘color groups and color-
less compounds, which contained free aldehyde groups.

This lack of parallelism ‘made it scem desirable to re-examine some of the
aspects of the interaction of collagen with'certain dialdehydes and polyaldehydes.
- Tanzer (8) has recently reported that, when collagen is reduced with sodium
borohydride, the proc}ixct is a more firmly cross-linked collagen polymer. This was
attributed .to the: réduction of cross-links of the Schiff base type formed by alde-
hydes present in collagen. It was therefore thought that aldehyde-tanned col-
 lagens, in which Schiff base structures are present, may give a more firmly cross-

“linked collagen. polymer when reduced with sodinm Borohydride, ;..
[EXPERIMENTAL' : '
Preparation of Collagep and Modified Collagens.— Purified collagen

o

was prepared from the ‘butt of fresh buffalo hide’ by the ‘method of Bowes and
Kenten (9). About 80 percent of the. guanidino_ groups. t.!f_:__cbllilg'ei), -were modi-
fied by treating with biacetyl (10). All :the free amino "'g';roupé of collagen were
destroyed by ‘deamination -with  nitrous acid by the  modified method of Bowes
and Kenten (11). About 70 percent of the free: amino gfoups of collagen were
converted  to guanidino groups by guanidination- under the conditions followed
by Joseph, and Bose (12)1n the deguanidinated collagen, where the guanidino
- groups were blocked by biacetyl, analysis showed that about 17 percent of the

e-amino groupsgwere also modified.

Aldehydes.—Formaldehyde: (37 percent); glutaraldehyde (25 percent), gly-
oxal (50 percent), pyruvaldehyde,; and acrolein were all reagent grade, and were
used without furher purifction. Disldchyde starch (73 pesnt adised) e

emical Company, U.S.A., and dialdehyde alginic acid was
g 4). The gig‘ytlc_nt‘w of oxidation of algl'mcacul ‘was -
it methods (namely, the mercurimetric oxidation
ic method {14)), and the extent of ‘oxidation was

. Tanning.—All tanning experiments.were carried out iri carbonate-bicarbonate -
buffer .of pH 9. The: collagen powder. was. soaked overnight before adding the
de; he: concentration of aldehyde ‘used: was 0.5 M in all cases except
dialdehyde starch and dialdehyde alginic acid; in these cases a five ‘percent solu-
tlonwas'usedFl'ye-gram portions of collagen ‘were tanned with 100 ml of the
aldehyde solution’ for 48 hours, at the end of which time they were thoroughly
washed and air dried. s T ke ‘



Detet‘inihatloti of"‘Freé Aldéh'”cfl" 5. Groups in- Tanned ‘Collagen.—
' ldeliyde-tanned: collagen samples: were
) # miethod ‘of: Ruch-and  Johnson '(13).
A 0;5-"é.-‘ﬂsdmbli:-<of,dldehyddf‘-tanned collagen 'was: pliced in'a conical flask, and
50 ml."of ‘the alkaline potasslum mercuric iodide reagent ‘prepared taccording:to
Ruch and Johnson (13) was added. Wlth‘ constant ‘swirling. The flask was. al-
lowed to stand at room temperature C.) for 30 minutes. A 0.1 percent
: X ""dded ‘and’the” flask ‘was! shaken vigorously for ap-
yerse’ ercury precxpltate Then 25 ml of
glwa acetil \ ' agitation' ‘during ‘the ‘addition:. ‘Ap-
proxihiately 0.1 N*iodine “solition *( 50 mil?) ‘was ‘pipetted into the flask; which
was. shaken vigorously until all the grey mercury precipitate went into solution.
The amount of iodine consumed was determined by titration with thiosulfate,
using starch as the indicator. A blank with the same amount of untanned col-
lagen was ‘also carried out under identical conditions. The free aldehyde groups
‘were calculated from the amount of iodiné consumed.

The Reactivity of the Various Aldehydes to Amino and Guanidino
Groups.— The degree of irreversible modification of the argining “and lyslne resi-
dues by the various aldehydes was determined by hydrolyzing :a known ”elght
of the aldehyde-tanned collagen with 6 N hydrochlorlc acid in a sealéd: tube
for 24 hours, and determmmg the amount of free arginine and lysine. Arginine
was estimated by the method of Macpherson (15), and the total lysine and hy-
droxylysine by the method df Solomons and Irving (16)./The percentages of i ir-
reversibly modified lysine and arginine residues were calculated from the losses
of these two amino acids. | '

Reactlon of Various Aldehydea. with' Modlﬁed Collagens.—The reaction
of the. varlous alde ’des’ wi h the n dlﬁed collagen samples was carried out as in
the: tgse ‘of 1l \fter- the reaction; they-were washed and the
shrmkage temperatures were determmed

..Reduction. of Vanous Aldehyde-Tanned, Collagens. with Sodium
Borohydrlde .—Collagens tanned with' the ‘vario aldehydes were suspended in
carbonate-bicarbonate buffef of pH'9: 3, 8 yith' excess of sodium boro-
hydnde under the conditions reported by’Tanzer (8). The “reduced products.
were washed and the shnnkage tgm%eratures were "determined.

Absox‘ptlon Spectra o( the Products of ‘Réaction ‘of ‘Glutaraldehyde
_'“ﬁand uamdme Cai'bonﬁ ~_Gly¢ine and gua-
al "excess of glyoxal and
after’ ‘which ‘the’ absorption




- Shrinkage Temperature.- ’The collagen powder, after tanning, was thor-
oughly washed with distilled- \all fibers were teased. out, and the shrink-
age tcmperafure was:determined’ b rea,dmg in a microshrinkage meter. the tem-
perature at which the fibers started to shrink. At. least four determmatlons were

made with each sample.:

"RESULTS

.. The free: aldehyde groups, non-recoverable arginine and lysme, and shrmkage
tcmperature of ‘the various treated‘ ollagens are given in, Table L The absorp-‘
tion spectra of the four produ' ined by the reaction oj glycme and guamdme
" carbonate. w1th glutaraldehyde and iglyoxal are recorded in: Flgures 1 and 2,

‘3 21
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;FXGURE 1.=—Ultraviolet absorptlon spectra of ‘the reaction products of glutaraldehyde ‘with
glycine and guanidine carbonate,

O— - Glutaralde ;.v,guamdme carbonate
X — Glutaraldéhyde + g]ycme

DISCUSSIO’N'
~:From T ble |1, it can be seen that praetlcally no free aldehyde groups are

‘are. not completely removed on washmg In the casetof ell othef aldehydes; ‘sndg- .
' mﬁcant amounts of free aldehyde groups are. present in_ the tanned products.
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ion. -spectra. of . ‘the reaction products of glyoxal with

- FIGURE - 2.—Ultraviolet . absory
1 nate,

glycine Qnd guanidine carbo
‘ Glyoxal + glycine . '
X' Z- Glyoxal + guanidine carbonat:

-/The amount of free: aldehydd .groups found 'in‘ dialdehyde- ‘starch-tanned collagen
in the present study agrees Wlth the value reported previously by Nayudamma
et al. (3) by the sodium borohydrlde method of Rankin and Mehltretter ( 17).
'H]e absence of free aldehyde groups i oleln-tanned collagen indicates that
13 with the‘ e-amino gr e not . takmg plaee under’ the
tanning conditions employed. It can. he assumed, therefore ‘that the primary re-
~action of acrolein with_ collagen takes place through the aldehyde groups, with
subsequent ‘completion of croes-lmkmg by reaction at the double bonds.

N The presence of free aldehb'de groups‘in’ the dlaldehyde-tanned samples can bc
explamed by the fact that most of these dialdehydes also exist in polymerized
forms. In the case of glutaraldehyde, it has been reported recently by ‘Aso -and
Aito (18) that it may exist m the form of olxgomers containing three to ‘four
monomeric units. Glyoxal a iorms polymerlc prodincts under suitable circum-
stances (19); ; in water soluttjon it is believed to be a mixture of several hydrated
forms. Recent studies have also shown that ‘the polyaldehydes formed from poly-
saccharides by periodate oxidation exist as cyclic acetals and hydrata in complex
equilibria (3 20, 21). When such polymeric structures contammg several alde-
hydes or poténtlal aldehyde groups mteract with collagen, it is qulte possible that




steric factors and nonavailability of protein groups might prevent some aldehyde
or potential aldehyde groups from takmg part in the reaction.

In the case of glutaraldehyde tannage, the amount of free aldehyde groups
 detected is much less than that found with the other dialdehydes. This indicates
 that reaction of both aldehyde units on each glutaraldeyde molecule predomma.tos,

owing to the formation of either cychc structures or intramolecular bridges be-
tween neighboring sites, as suggested by Thies, Cuthbertson, and Yosluda (22).
~~ From Table I, it can also be seen that the reactivity of the guamdmo groups
~and the nature of the compounds formed by these groups during interaction with
the different aldehydes vary from aldehyde to a.ldehyde In the case of acroleln-
and formaldehyde-tanned collagen, almost all the arginine could be accounted for
in the acid hydrolysates. In the case of other dialdehydes and polyaldehydes (ex-
cept. glutaraldehyde), about 60-80 percent of arginine residues are irreversibly
modified. Glutaraldehyde, however, behaved differently from other dialdehydes.
When glutaraldehyde-tanned coIlagm was hydrolyzed with hydrochloric acid, no
significant loss in arginine was observed, a fact which indicates that, unlike other
dxaldehydes, glutaraldehyde does not modify the guamdmo groups meversxbly
“Bowes et al. (23) have also studied the amino acid composmqn of glutaralde-
hyde-tanned collagen, and_the only changes they observed were losses of lysine
and hydroxylysine. This is also corroborated by the results obtained for the ir-
reversxble modification of lysine residues, where 5 percent of the lysine residues
are irreversibly modified by glutaraldehyde In the case of _formaldehiyde-tanned
collagen, there was no loss in lysine and arginine contents. Some. of the other
dialdehydes, such as pyruvaldehyde, also modified the lysine residues 1rrevers1bly.
Of the various aldehydes studied, dlaldehyde starch: showed the maximum ir-

‘TABLE 1

FREE ALDEHYDE GROUPS, NONRECOVERABLE 'ARGININE AND LYSINE,
‘AND SHRINKAGE TEMPEKATURE OF VARIOUS ALDEHYDE-TRE?E@ED

COLLAGENS
Alg:le:;de reeoNv?r';me e e Tempaa

- Nature -of Treatment Grou}» i Arginine . “Lysine - Deguani-  * Guani-- - ... . .

) % % . dmated ; duuted Deaminized
Eomldehydg’ o;n,zz 13 0 67 n 54
Pyruvaldehyde. 041 70 43 - 60 —
Acrolein 0.00 .9 20 62 67 48
Glutaraldehyde 0.2 15 58 63 49 53
Glyoxal 044 61 17 61, 69 56
Dialdehyde Starch 0.8 87 30 61~ 75 53
Dialdehyde ; v :
., Alginic Acid’ 0.36 35 3 59 — 50

None i 53 47 53
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_to an’ improvement in the physical properties of the leathers. Tanzer (8) has,
“however, reported that, when native tropocollagen is reduced with sodium boro-
hydride, ?ft‘he'produét is a firmly: .crst-‘linkéd*collagen; as shown by its solubility,
. subunit if'c'bmpﬁs"itidn; ‘and thermal shrinkage. It 'app'e‘ars_; ‘therefore, that the alde-
hyde linkages present in native collagen and those formed in aldehyde tannage are
different in nature. '
'+ “The: results obtained inthe present study show that the various aldehydes do
~not react  with the various functiona groups of collagen in an identical fashion.
: Even though the precise nature of the cross-links formed in the case of the differ-
~ent aldehydes is yet to be established, the results suggest. fairly conclusively.that
 the amino groups are involved in cross-link formation in almost all the aldehvde-
~.treated collagens.
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